). Extraction of cell-wall polysaccharide antigen from streptococci. J. Bacteriol. 90:667-672. 1965.-The carbohydrate grouping antigens in the cell walls of streptococci belonging to groups A, E, G, L, and T were extracted with 5% trichloroacetic acid at 90 C. The antigens were removed also from dry whole cells by extraction with trichloroacetic acid followed by treatment with phenol-water. Details of the methods are presented. The antigens obtained by use of either of these procedures were suitable for studies on immunological specificity and chemical structure. Quantitative enzymatic and chemical analyses of two group E antigens and one group T preparation showed the presence of L-rhamnose (22 to 44%), D-glucose (7 to 22%), D-galactose (T antigen only, 26%), glucosamine (2 to 16%), and galactosamine (T antigen only, 3%). In addition, analyses of A and G antigen preparations are presented. The protein and phosphate content of the A and E antigens were about 1% each. Quantitative precipitin curves of these antigens are presented.
Most of the group antigens of streptococci are located in the cell wall (Slade and Slamp, 1962; Smith and Shattock, 1964) , and it is likely that the majority of the carbohydrate type antigens will be found there also. Ottens and Winkler (1962) showed this to be true for the group F type antigens, and Wittner and Hayashi (1965) group B type antigens. The compounds identified in the cell-wall group and type antigens of the streptococci are rhamnose, glucose, galactose, N-acetylglucosamine, and N-acetylgalactosamine.
For studies on the chemical composition of antigens, it is an advantage to have available a method for removal of the antigen which can be applied to whole cells, is not destructive to the structure of the antigen, can be used with large quantities of material, and yields a product of high purity without laborious methods of purification. The following report describes such a method. A summary of some of the properties of one of the antigens has been presented (Slade, Liideritz, and Westphal, 1965) .
MATERIALS AND METHODS Growth of streptococci. The cells were grown in 2-liter quantities on Todd-Hewitt broth plus a glucose-salts mixture (Hess and Slade, 1955) , washed three times with water, and lyophilized. The procedure for the preparation of cell walls has been reported (Slade and Slamp, 1960) .
Serological procedure. To conserve antigen and antiserum, a microspectrophotometric method was used to determine the antigen-antibody nitrogen precipitated. To 25 ,liters of antigen diluted in 0.85% NaCl were added 25 pliters of antiserum. The contents were mixed, and the tubes were tightly stoppered and incubated for 2 hr at 37 C and for 24 to 48 hr at 4 C. The tubes were centri-667 J. BACTERIOL. (Slade and Slamp, 1962) .
To obtain an approximation of the quantity of antigen present in extracts or precipitates, the procedure of Swift, Wilson, and Lancefield (1943) (Wallenfels and Kurz, 1962) , Lrhamnose by the Lactobacillus epimerase (Domagk and Zech, 1963) , and hexosamines by the method of Liideritz et al. (1964) . Protein. Protein was determined by the procedure of Lowry et al. (1951) with crystalline bovine serum albumin as the standard.
Amino acids. Amino acids were determined with a Beckman amino acid analyzer. Ikawa (1961) showed that extraction of the cell walls of Streptococcus faecalis with 5% trichloroacetic acid at 90 C for 15 min gave a nondialyzable fraction equivalent to 29 % of the wall. The reducing-sugar value of this fraction was 68 % of the total weight, whereas the phosphorus and alanine values were 2% or less. The high reducing value of this fraction indicated to us that it might contain a considerable quantity of the group or type antigens or both. A study has been made on the cell walls of streptococci from several serological groups to determine whether trichloroacetic acid could be used for this purpose.
RESULTS
The following procedure was found suitable. A 500-mg amount of cell wall was extracted by continuous stirring with 50 ml of 5% trichloroacetic acid at 90 C for 15 min. The solution was cooled to room temperature and centrifuged at 10,000 X g for 10 min; the extract was poured off. A second extraction was carried out in the same manner, and the two extracts were combined and dialyzed against several changes of water for 2 days at 4 C. The volume of the nondialyzable extract was reduced to about 5 % under a vacuum at 45 C and centrifuged. Cold acetone was added (3.5 to 5 volumes), with stirring, directly to the concentrated extract. The solution was held at -15 C for 2 days to complete the formation of the flocculent precipitate. Most of the material settled to the bottom of the flask, and the supernatant fluid was poured off and then centrifuged to recover all of the material. The pellet, which was transparent and gelatinous, was dissolved in a small volume of water, centrifuged, and reprecipitated with acetone. The precipitate was washed twice with acetone and dried from ether.
Approximately 70 % of the total material which could be removed from the walls by the trichloroacetic acid was obtained in the first extract, 20% in the second, and the remainder in the third. Two extractions were considered sufficient for routine use. This procedure was applied to cell walls from representative strains of five serological groups, with yields of antigen ranging from 14 to 22% of the cell wall, or 3 to 4% of the whole cell based upon a cell-wall weight of 20% (Table 1) . The titer of the antigens (Table 1 , column 4) expresses the dilution of the original antigen solution containing 1 mg/ml on which a 1+ reaction was obtained in the precipitin test. At a dilution of 1:2,560, 0.4 ,ug of antigen would be present. It is apparent that differences will most likely be found to exist in the quality of the antigen extracted from various serological groups. However, the dilution titer is only an approximation of the relative strength of the various preparations. From the data in Table 1 it appears reasonable that any of the strains employed would yield antigens of sufficient purity for chemical and serological study. lence point. The molecular weight of the E (K129) preparation was only 8,000 to 10,000, and serological specificity was found to be associated with a ,B-glucosyl residue in the terminal position attached to L-rhamnose on the side chain (Slade, Liideritz, and Westphal, 1965) . Table 1 shows the sugars, with their isomeric forms, and the amino sugars found in the group E antigen. Rhamnose, as determined by an enzyme specific for the L isomer, was present in K129 in (1964) , is also shown in Table 1 .
Galactose was shown to be a constituent of the cell walls of two-thirds of the serological groups of streptococci presently recognized (Slade and Slamp, 1962) . Curtis and Krause (1964) (Table 1) were similar to those found by Schmidt (1952) and McCarty (1952) (Slade et al., 1965) . Moreira-Jacob (1956) found three type antigens in this group. At present, the existence of carbohydrate type antigens has not been established for groups L or T.
The nitrogenous impurities in the preparations were very low. The compounds responsible in large measure for the impurities were those amino acids present in the mucopeptide structure of the cell wall. Amino acid analysis of the group T preparation (Table 1) gave the following results: glutamic acid, 0.08%; alanine, 0.07%; and lysine, 0.05%. In the case of group G, strain 9603 (Table  1) , the values were glutamic acid, 0.02%; alanine, 0.03%; and lysine, 0.03%. The phosphorus content of the group E (K129) and group A preparations was 1.1%. It is unlikely that this small quantity of phosphorus represents glycerol-or ribitol-phosphate compounds or other compounds of similar structure. It is clear that, in these respects, the purity of the material was excellent and the preparations were well suited for studies on sugar and amino sugar composition and serological specificity.
Consideration was then given to the feasibility of using whole dry cells as a source of antigen rather than cell walls. The latter require considerable time in their preparation. The phenol-water extraction procedure (Westphal, Liideritz, and Bister, 1952) has been used successfully with gram-negative cells of several genera to remove the cell-wall lipopolysaccharide. However, we found that extraction of 20 g of group A (strain C203) lyophilized cells with 350 ml of water and 350 ml of 90% phenol at 68 to 70 C resulted in the removal of only 2.7 % of the cell. A 100-,ug amount of this material was required to produce a 1+ precipitin reaction. A repeat extraction was equally as poor.
A study was then made of the extraction of dry cells with trichloroacetic acid followed by phenolwater treatment of the trichloroacetic acid-soluble material. This procedure was found to be highly successful. The trichloroacetic acid procedure was the same as for cell walls. The addition of 3.5 volumes of acetone to the concentrated trichloroacetic acid extract brought out the anti- The methods described should be useful for obtaining antigens from the cell walls of many streptococcal groups and types. It is not anticipated that these preparations will possess any significant antigenicity; however, the availability of material of reasonable purity will encourage studies on the ability of chemically modified material to stimulate the formation of antibodies in animals and man.
It is of interest that Maxted and Fraser (1964) 
